Abstract: A critical aspect of many rehabilitation interventions for people with multiple sclerosis (MS) is incorporating strategies that support behavior change. The main purpose of this topical review was to summarize recent randomized clinical trials (RCTs) of rehabilitation interventions in which participants learn and apply skills or engage in healthy behaviors. The Capability, Opportunity, Motivation, and Behavior (COM-B) framework was used to broadly classify behavior-change strategies. The included RCTs varied widely in terms of dosing, delivery format, and types of interventionist. Commonly used behavior-change strategies include education, persuasion, and training. We recommend that researchers and clinicians use frameworks like Behavior Change Wheel and Behavior Change Technique Taxonomy to describe and classify intervention strategies used to promote behavior change. We also recommend more sophisticated RCTs be conducted (e.g. sequential multiple assignment randomized trial and threearm RCTs) to better understand ways of promoting behavior change in rehabilitation interventions.
Rehabilitation interventions for people with multiple sclerosis (MS) commonly focus on enhancing their ability to engage in everyday activities and to participate in those aspects of daily life that are important and meaningful to them. These broad goals are pursued by helping people with MS to develop and use skills, strategies, and capacities that support cognitive function, 1 mobility, 2, 3 and reduce the impact of common MS symptoms, such as fatigue, pain, depression, and anxiety. 4, 5 Many of these interventions have participants with MS engage in homeexercise programs, change behavioral patterns, and learn skills to self-manage symptoms and emotions. If participants do not engage in these intervention activities, it is unlikely they will receive maximum benefits. Thus, a critical aspect of many rehabilitation interventions is incorporating strategies that support behavior change.
People with MS may face multiple challenges to participating in rehabilitation interventions that involve learning and applying skills or engaging routinely in healthy behaviors. According to the COM-B framework, 6 capability, opportunity, and motivation interact reciprocally to generate behaviors. Although common MS symptoms can negatively influence capability, opportunity, and motivation, 7, 8 rehabilitation professionals can play a pivotal role in addressing these issues to support behavior change.
The Rehabilitation Treatment Specification System (RTSS) 9 is a newly revised theoretical framework to guide the description of rehabilitation interventions. An important aspect of this framework is the distinction it makes between intervention strategies targeting functional improvements and those targeting effort and motivation to engage in intervention activities. Targets are proximal, measurable changes in function or behavior that can be attributed to a specific intervention strategy (e.g. proximal outcomes), while aims are distal measurable changes in function or behaviors (e.g. distal outcomes). The RTSS incorporates the COM-B framework to classify intervention strategies that support skill acquisition and behavior change to engage in intervention activities that are performed by the participant and are not directly observed by the interventionist. COM-B specifies nine broad behavior-change strategies referred to as intervention functions (Table 1) , which are linked to capability, opportunity, and motivation.
The purposes of this topical review were to (1) summarize recent randomized clinical trials (RCTs) of rehabilitation interventions, in which participants learn and apply skills or engage in healthy behaviors; (2) describe the targets, aims, and outcomes of these interventions; (3) use the COM-B to broadly classify behavior-change strategies; and (4) make recommendations for future research.
Methods
PubMed, CINAHL, and Google Scholar were used to find studies published between 2013 and 2018 that described RCTs of rehabilitation interventions. We included only non-pharmacological and non-modality intervention studies in which participants learned and applied skills or engaged in healthy behaviors. For example, studies were excluded if participants were only asked to take medications or only received a treatment involving a physical modality like heat, cold, or electricity. We also excluded studies in which all intervention activities performed by the participant were directly supervised or observed by the interventionists (e.g. exercises performed only in the presence of a physical therapist). If the intervention involved both supervised and unsupervised activities, the intervention was considered for inclusion. Included interventions also needed to target improvement in cognitive function, mobility, or reduce the impact of fatigue, pain, anxiety, or depression on daily activities. When only a few or no Phase 2 and Phase 3 RCTs were identified in the search, Phase 1, pilot, or preliminary RCTs were considered for inclusion. The review was not intended to be systematic or to evaluate the quality of evidence, but rather to provide a brief summary of recently published research.
Results

Overview
The included RCTs varied widely in terms of dosing (e.g. number of sessions), delivery format (e.g. inperson and phone), types of interventionist (e.g. occupational therapist, exercise psychologist, and neuropsychologist), and strategies used to promote behavior change. Several of the included interventions had targets or aims to increase physical activity [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] and health-related quality of life. 10, 11, 17, [19] [20] [21] [24] [25] [26] [27] [28] [29] Notably, several of the interventions were delivered remotely, 11, 14, 17, 18, 20, 26, 27, 30, 31 increasing the importance of strategies for promoting engagement in unsupervised intervention activities. Few of the included interventions were described as having a foundation grounded in any specific behavior-change theory. Table 2 summarizes the included studies.
Cognitive function
Meta-analyses indicate that rehabilitation interventions may have a small effect on improving cognitive function in people with MS. 1 Many of the interventions included in this review were delivered by a neuropsychologist. 11, 25, 30, 32 Participants in the interventions had to learn and apply compensatory strategies and/or perform cognitive training at home using a computer. 10, 11, 24, 25, [30] [31] [32] However, with the exception of a few studies, descriptions of the strategies used to promote skill acquisition and behavior change were vague. Proximal and distal outcomes included performancebased neuropsychological tests, 10, 11, 24, 25, [30] [31] [32] impact of cognitive problems on daily activities, 10, 11, 24, 25 fatigue, 25,32 depression, 10, 11, 24, 25, 32 anxiety, 11, 24 and selfefficacy. 10 Most studies did not include measures of treatment fidelity. 11, 24, 25, 30, 32 Stuifbergen et al. 10 and Hanssen et al. 11 provided details of the behavior-change strategies they used to promote engagement in intervention activities. Stuifbergen et al. 10 examined the effectiveness of a cognitive rehabilitation intervention among 183 persons with MS. The intervention consisted of group sessions and computer-based cognitive training performed at home. Behavior-change strategies included enhancement of self-efficacy through verbal persuasion, performance accomplishment of new behaviors, and role modeling. The intervention was found to be effective in improving cognitive function compared to a contact-control intervention. Hanssen et al. 11 evaluated a cognitive rehabilitation intervention among 120 participants. The intervention involved face-to-face sessions with a multidisciplinary team in group, one-to-one settings, and phone calls. Strategies to promote behavior change included goal-setting, motivational interviews, and cognitive-behavioral therapy. The intervention was found to be effective in promoting psychological well-being and healthrelated quality of life compared to a control group.
Mobility (walking and balance)
Meta-analyses indicate that rehabilitation interventions focused on promoting physical activity and exercise may have a small to moderate effect on improving walking and balance in people with MS. 2, 3 Many studies were excluded from this review because all intervention activities were supervised by a physical therapist or exercise physiologist. The included interventions mainly involved participants engaging in a tailored home-exercise programs consisting of aerobic, balance, and/or strength training. [12] [13] [14] [15] [16] [17] However, none of these studies provided sufficient detail about strategies used to promote engagement in intervention activities. Primary and secondary outcomes included performance-based walking, [12] [13] [14] [15] [16] [17] balance, [12] [13] [14] [15] [16] [17] and strength tests, 12, 13, 15 as well as self-report fatigue, 12,13,16 falls, 14-17 falls self-efficacy, 13, 15 and walking. 15, 16 Unlike studies evaluating cognitive rehabilitation interventions, most of the studies of mobility and balance interventions included measures of treatment fidelity (i.e. enactment) that showed high rates of participation in intervention activities as intended. [13] [14] [15] [16] [17] Symptoms of anxiety, pain, depression, and fatigue Rehabilitation interventions may also have a small to moderate effect in reducing the severity or impact of common MS symptoms. 4, 5 The reviewed interventions typically delivered self-management education and/or encouraged engagement in physical activity, [18] [19] [20] [21] [22] [23] [26] [27] [28] [29] using multiple strategies to promote behavior change. Most of the studies included measures of treatment fidelity that showed high rates of participation in intervention activities as intended. [18] [19] [20] [21] [22] [23] [26] [27] [28] [29] Some studies included measures of treatment fidelity as a primary or secondary outcome, which showed significant improvement in comparison to a control group. [18] [19] [20] Other outcomes included self-report depression or negative affect, 18,20,22,26-28 stress or Several studies detailed behavior-change strategies used to promote engagement in intervention activities. [18] [19] [20] 26 Carter et al. 19 examined the effectiveness of an intervention to improve fatigue and healthrelated quality of life among 120 persons with MS. The intervention consisted of both supervised and unsupervised exercise sessions. Behavior-change strategies were guided by the transtheoretical model, 33 which included encouraging goal-setting, enlisting social support, tailoring content to stages of change, and understanding the cost-benefit ratio of exercise. The intervention reduced fatigue and increased physical activity and health-related quality of life compared to a contact-control group.
Ehde et al. 26 examined the effectiveness of a telephone-delivered self-management intervention to address fatigue, chronic pain, and/or depressive symptoms in 163 persons with MS. The intervention consisted of eight one-to-one sessions delivered over the telephone once per week, using cognitive-behavioral and positive psychology strategies to help participants learn and apply self-management skills (e.g. self-monitoring, goal-setting, and managing emotions). The intervention was effective in alleviating fatigue, pain, and depression over time, but the effects were not significant compared to a contact-control group.
Pilutti et al. 20 evaluated the effectiveness of a physical activity intervention to improve symptoms and quality of life among 82 persons with MS, in which Webbased video-coaching sessions and online content were made available over a 6-month period. The content was based on Social Cognitive Theory, 34 and participants were encouraged to wear a pedometer, set goals, and self-monitor progress. The intervention was found to be effective in addressing depression, anxiety, fatigue, and physical activity compared to a contact-control group.
Discussion
While there is some evidence that rehabilitation interventions can be effective for people with MS, there is a clear need to optimize the effectiveness of these interventions. Optimizing effectiveness will not only require identifying strategies that improve function but also identifying behavior-change strategies that promote engagement in intervention activities. The interventions included in this review commonly employed education, persuasion, and training to promote engagement in activities linked to capability, opportunity, and motivation. To advance our understanding of how behavior change is best supported in rehabilitation interventions, we recommend more extensive use of behavior-change theory and use of the Template for Intervention Description and Replication (TIDieR). The reader is referred to the following citations for examples of using TIDieR. 21, 23, 29 The Behavior Change Wheel and Behavior Change Technique Taxonomy can also help researchers and clinicians to describe behaviorchange strategies used to promote engagement in intervention activities. Better descriptions of behavior-change strategies can help facilitate comparisons to identify the most effective behavior-change strategies.
The RCTs included in this review were not generally designed to assess both intervention strategies targeting function and behavior change. For example, RCTs of interventions primarily targeting functional outcomes (e.g. walking speed) often failed to identify or describe strategies used to promote participation in home-exercise programs. Alternatively, RCTs of interventions primarily targeting behavioral outcomes often failed to incorporate objective, performancebased measures of function and/or to distinguish between strategies to support engagement in intervention activities and those used to improve function. These limitations have contributed to difficulties in translating interventions into clinical practice, inadequate understanding of effective strategies for promoting behavior change, and low participation rates in interventions that are known to improve function in people with MS.
To address these limitations, there is a need for more clinically relevant observational studies and more sophisticated RCT designs. We recommend increasing the ecological-validity of observational studies by conducting them within the context of clinical care and using ecological momentary assessments (EMAs). 35 For example, contacting patients to complete EMAs after being prescribed a home-exercise program. EMAs could be used to measure levels of engagement, environmental circumstances, and psychosocial factors linked to behavior-change theories. Such research could help therapists to decide which factors to address when promoting engagement in a home-exercise program.
Along with more ecologically valid observational studies, there is a need for RCTs of intervention strategies that are explicitly informed by behavior-change theory. Although assessing treatment fidelity may provide some indication of strategies' effectiveness in promoting behavior change, other confounding factors may influence behavior change. 36 To examine intervention strategies targeting function and those targeting behavior change within the same study, a three-arm RCT is needed, involving a contact-control arm and two other intervention arms-with and without the implementation of behavior-change strategies. This approach would require researchers to explicitly distinguish between intervention strategies designed to promote function and those designed to promote behavior change. If the selected strategies were guided by behavior-change theory, the results could facilitate the revision and application of theory to promote behavior change. Thus, the three-arm clinical trial would provide data on an intervention's effectiveness in improving function and promoting behavior change.
A Sequential Multiple Assignment Randomized Trial (SMART) 37 could also be used to optimize and refine strategies to promote behavior change. Optimal dosing and delivery format to implement behaviorchange strategies are currently unknown, and both have substantial implications on the direct and indirect costs of rehabilitation interventions. Furthermore, optimal dosing and delivery format may vary with environmental circumstances and the psychosocial characteristics of each patient. For example, patients with more severe limitations and low motivation may need weekly in-person visits to promote engagement in a home-exercise program. Alternatively, patients with minimal impairments and high motivation may only need monthly emails to promote engagement. SMART is a randomized design that can compare delivery formats, dosing, and intervention strategies, using a stepped-care approach to maximize effectiveness with the fewest resources based on the characteristics of each participant.
Finally, we note the important role that rehabilitation professionals can play not only in encouraging engagement in intervention activities but also in promoting a healthy lifestyle and enhancing participation in life roles, both of which may help prevent the development of comorbidities and increase quality of life. Rehabilitation professionals often interact with patients over an extended period, develop therapeutic relationships with patients, and communicate with family members and informal caregivers. These situations create opportunities for rehabilitation professionals to promote physical activity, healthy eating habits, and self-reflection that supports balance in life roles and prioritization of meaningful activities. Rehabilitation professionals have the opportunity to go beyond implementing behavior-change strategies that enhance self-efficacy, effort, and motivation to implement strategies that target the environment in which healthy behaviors are performed. For example, rehabilitation professionals have opportunities and expertise to enlist emotional and tangible support from family members as well as remove environmental barriers that make it easier to make healthy choices. Unfortunately, these opportunities to promote a healthy lifestyle and enhance participation in life roles are often missed because healthcare systems incentivize remediation of impairments.
Conclusion
One possible way of enhancing the effectiveness of rehabilitation interventions in people with MS is to identify optimal intervention strategies to promote behavior change. To that end, we recommend additional theoretically driven observational studies, using EMAs within the context of clinical care as well as more sophisticated RCTs (e.g. SMART and three-arm RCTs). We also recommend that rehabilitation interventions should be based on behavior-change theory and that TIDieR should be used to better describe the intervention. The use of frameworks like Behavior Change Wheel and Behavior Change Technique Taxonomy can help clinicians and researchers incorporate behavior-change strategies based on theory into rehabilitation interventions. Furthermore, these tools can help facilitate comparisons that identify the most effective behavior-change strategies in promoting engagement in intervention activities. Finally, once effective behavior-change strategies are identified and optimized, it will be of paramount importance to educate rehabilitation professionals to consistently implement these strategies in clinical practice.
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